Abstract. The pathogenesis of esophageal squamous cell carcinoma (ESCC) involves both genetic and environmental factors. Previously, we have carried out gene and protein expression profiling of ESCC using DNA microarrays and mass spectrometrybased quantitative proteomics, respectively. These studies resulted in identification of several potential biomarkers of ESCC, some with known reports of differential expression in the scientific literature and others that were novel observations from our studies. We report systematic validation of selected markers from our studies on a larger cohort of cancer tissue sections by immunohistochemical labeling of tissue microarrays. We have validated expression of insulin-like growth factor-binding protein 7 (IGFBP7), stanniocalcin 2 (STC2), inhibin beta A (INHBA) and four and a half LIM domains 1 (FHL1). Immunohistochemical labeling with anti-stanniocalcin 2 antibody demonstrated its overexpression in 132/140 (94%) cases, IGFBP7 showed overexpression in 127/140 (91%) cases and overexpression of INHBA was observed in 62/105 (59%) of ESCC cases. In contrast, FHL1 expression was observed only in 12/143 (8%) of ESCC cases suggesting its possible involvement in tumor suppression. These data suggest that IGFBP7, INHBA, STC2 and FHL1 might play an important role in ESCC tumorigenesis, which can be explored in future studies. Overall, our findings open up new avenues for development of novel therapeutics and/or diagnostic approaches in ESCC.
Introduction
Cancer of the esophagus is among the top ten cancers worldwide and constitutes 7% of total gastrointestinal cancers [1] . Tobacco and alcohol are important risk factors for development of esophageal squamous cell carcinoma (ESCC). In the past, we have carried out DNA microarrays as well as quantitative proteomics as a high-throughput screening tool to identify differentially expressed genes. These high-throughput studies have resulted in identification of several genes that show differential expression pattern. Although these studies provide potential markers, it requires extensive validation in large number of clinical specimen to truly establish its expression pattern, distribution as well as its potential utility as a marker. This often is done on a limited set of molecules based on the availability of appropriate antibodies or probing reagents and also the broader focus of the manuscript itself. This way, several potential markers that do get identified in high-throughput studies remain as part of large datasets without appropriate validation to reflect their utility and significance.
In the current study, we have selected four such molecules -INHBA, IGFBP7, STC2 and FHL1 that were identified in our previous high-throughput study and demonstrated their protein expression pattern in a large set of ESCC tissue sections, using tissue microarray platform [2] . These molecules were selected because they showed differential expression pattern in most of the ESCC cases we had studied using DNA microarrays, their biological importance based on the information from other cancers as well as availability of antibodies suitable for immunohistochemical labeling. Most importantly, the expression pattern of these molecules has not been systematically investigated in ESCC in the past.
Materials and methods

Tissue samples
For validation of potential candidates from the gene expression study, we used tissue microarrays (TMAs). The details of TMAs has been described in our earlier study [5] . Ethical clearance was obtained for use of archived samples from the Kidwai Memorial Institute of Oncology (KMIO), Bangalore. Immunohistochemical labeling was done as described earlier [2] . Correlation of expression of molecules and the differentiation status of the tumors was assessed by an experienced pathologist (RVK) [5] .
Antibodies
Anti-IGFBP7 antibody was used at a dilution of 1:50 (catalog # HPA002196, the Human Protein Atlas, Stockholm, Sweden). Anti-STC2 was used at a dilution of 1:500 (catalog # 10314-1-AP, Proteintech Group, Inc., Chicago, IL). Anti-FHL1 was used at a dilution of 1: 50 (catalog # 10991-1-AP, Proteintech Group, Inc., Chicago, IL). Anti-INHBA was used at a dilution of 1:50 (catalog # 10651-1-AP, Iowa, Iowa City, IA). An isotype control anti-serum or PBS was used as negative controls in all immunohistochemical labeling experiments. The tissue microarrays were scored by an experienced pathologist (RVK). The staining intensity was scored as negative (0), mild (0.5+ to 1.5+), moderate (2+), or strong (3+). A comparison between the intensity of the staining of normal esophageal epithelium and that of carcinoma cells was made.
Statistical analysis
The statistical analysis for association between the distribution of expression pattern of STC2, IGFBP7, INHBA and FHL1 with ESCC and normal tissues was performed using χ 2 -test.
Results and discussion
We have previously reported a total of 2,235 differentially expressed genes in a transcriptomic analysis of ESCC [2] . Of these, 881 genes were upregulated and 1,354 genes were downregulated. In this study, we selected genes involved in cell communication based on their biological importance in different biological processes, presence of signal peptide motif and the availability of suitable antibodies for IHC labeling. Of the validated genes, IGFBP7, INHBA and STC2 contain signal peptides and are involved cell communication process. FHL1 is an adaptor protein involved in cell growth and/or maintenance. These genes were differentially expressed between normal and tumors of the same patients. The log2 fold values for twenty such cases are shown in Fig. 1 . Immunohistochemical labeling for the selected proteins was done using tissue microarrays. 
Validation of selected candidate genes
Stanniocalcin 2 is overexpressed in majority of esophageal squamous cell carcinomas
In our gene expression studies, STC2 was found to be overexpressed in 19 of the 20 ESCC cases. STC2 encodes a 32 kDa extracellular matrix protein bearing a signal peptide [7] . It is known to have important roles in many physiological processes including bone development, reproduction, wound healing, angiogenesis, and modulation of inflammatory response. Elevated expression of STC2 has been reported in various cancers including renal cell carcinoma [8] , breast cancer [9] , gastric cancer [10] , prostate cancer [11] and neuroblastoma [12] . In addition, Kita et al., have reported STC2 as a predictive marker for lymph node metastasis in ES-CC based on mRNA measurements in 70 clinical samples [13] . In the same study, immunohistochemical labeling of STC2 was carried out on 10 cases that showed significantly high STC2 expression. It was reported that STC2 showed positive staining in both cytoplasm as well as nuclei of cancer cells.
To determine STC2 protein expression pattern in a larger cohort of ESCC cases, we carried out immunohistochemical labeling in 140 cases. STC2 expression was found to be elevated in 132/140 (94%) of ESCC cases. In 115 cases, the intensity of the staining was > 2+ as compared to the normal cases where it was only seen in 8 cases with similar intensity. The staining pattern for STC2 in representative ESCC and normal sections is shown in Fig. 2 . The architecture of STC2 protein is shown as described in the Human Protein Reference Database (HPRD; www.hprd.org). STC2 is reported to be a target gene of HIF-1 transcription factor and is known to promote cell proliferation in hypoxic conditions [14] . STC2 was also found to promote epithelial-mesenchymal transition (EMT) and invasiveness in hypoxic human ovarian cancer cells [9] . STC1, a related gene had also been recently reported to be overexpressed in ESCC [5] . In cell line based studies, marked increase in STC1 expression was observed in hypoxic conditions. In the same study, STC1 has been proposed as a potential prognostic marker in esophageal cancer patients who have undergone curative surgery. 
IGFBP7 expression in ESCC
IGFBP7 belongs to the IGFBP family, whose functions include binding to insulin-like growth factors (IGF) and regulating their bioavailability, as well as a range of IGF-independent biological activities. IGF-BP7 is a secreted protein. It has been reported as a novel marker for acute leukemia [16] . In acute myeloid leukemia (AML), IGFBP7 was found to be coexpressed with the BAALC (brain and acute leukemia, cytoplasmic) gene. Furthermore, high IGFBP7 level was associated with stem cell features and treatment failure in T-ALL [16] . There are contradictory studies in the literature regarding the role of IGFBP7: In some studies, it has been reported as a tumor suppressor [17, 18] , while in others as an oncogene. In our previous study, IGFBP7 was found to be upregulated in the secretome derived from ESCC cell lines as compared to normal esophageal epithelial cells as shown in Fig. 3 [4] . IGFBP7 stained positive in 127/140 (90.7%) ESCC cases. In our study the localization of IGFBP7 protein was found to be cytoplasmic and nuclear. IGF-BP7 has been reported to be upregulated greater than 4-fold in Barrett's esophagus and esophageal adenocarcinoma as compared to normal tissues [19] . Expression of IGFBP7 showed weak immunoreactivity in tumor tissue as compared to the adjacent normal. The localization of IGFBP7 was found to be cytoplasmic and in > 50% of the cells [20] . Some reports suggest that expression of IGFBPs is regulated by hypoxia [21] . In hypoxic condition, IGFBP3 & IGFBP1 expression was reported to be induced but IGFBP4 was unaffected [22] . In the case of IGFBP7, not much has been explored in ESCC so far. There is certainly a need to delineate the detailed functional and pathological aspect of IGFBP7 in ESCC specially in light of the recent study where IGFBP3 (another member of the same family) overexpression has been reported to be associated with prolonged overall survival [23] . The staining pattern for IGFBP7 is shown in representative ESCC and normal sections in Fig. 4 . 
Inhibin beta A is overexpressed in a subset of
esophageal squamous cell carcinomas Inhibin beta A (INHBA) was found to be overexpressed in 19 of 20 ESCC cases in our gene expression profiling study [2] . INHBA is a subunit of the complex that inhibits pituitary FSH secretion. Overexpression of INHBA is reported in various cancers including gastric cancer [20, 24, 25] , glioblastoma [26] , lung adenocarcinoma [27] , esophageal adenocarcinoma [28] , tongue squamous cell carcinoma [20] , head and neck squamous cell carcinoma [29] and pancreatic adenocarcinoma [30] . Overexpression of INHBA is associated with poor survival in gastric cancer [27] , lung adenocarcinoma [27] and head and neck squamous cell carcinomas [29] .
Immunohistochemical labeling showed positive staining for INHBA in 62/105 ESCC cases. The stainining pattern in majority of the cases was cytoplasmic and membranous. Figure 5 shows representative tissue sections stained for INHBA.
FHL1 protein expression is suppressed in
majority of esophageal squamous cell carcinomas FHL1 is a putative tumor suppressor gene known to negatively regulate tumor growth. Decreased expression of FHL1 is reported in various cancers including gastric [31, 32] , lung [33] , thyroid [34] , breast, kidney and prostate cancer [35] . Silencing of FHL1 gene expression in most tumors is reported to be mainly through promoter DNA methylation [36, 37] . FHL1 including other members of the same protein family are known to be negative regulators of HIF-1 activity [6] . This is thought to be a potential mechanism by which FHL1 suppresses tumor growth. FHL1 expression is inversely related to invasion and metastatic potential of cancer cells [32] . We observed downregulation of FHL1 in ESCC in both gene expression profiling as well as quantitative proteomics studies [3] . In quantitative tissue proteomics study, FHL1 was found to be 4-fold downregulated in ESCC as compared to the adjacent normals [3] . The MS and the MS/MS data is shown in Fig. 3 . A total of 131/143 (91.6%) ESCC cases showed no staining for FHL1. Conversely, FHL1 staining was observed in 94/120 (78.33%) normal cases. Among ES-CC tumors, only 12 out of 143 (8.4%) were positive for FHL1 staining. The staining pattern for FHL1 staining has been shown in Fig. 6 . The staining pattern in majority of the cases was cytoplasmic. In summary, it is possible that these newly discovered molecules provide enhanced sensitivity for detection of ESCC at an early stage or to serve as therapeutic targets for treatment. They could also be used for monitoring of disease if they can be detected in body fluids such as serum or urine. Further validation will be required to pursue these possibilities. 
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